Ribotypes, Campylobacter, Hae III, Ribosomal RNA and Penner Serotype Diversity based on ribosomal RNA gene-restriction endonuclease digest patterns was de tected amongst forty-seven strains of Campylobacter made up of 38 strains of Campylobacter jejuni and 9 strains of Campylobacter coli. Restriction digests of chromosomal DNA prepared by treating with Hae III were probed with an oligonucleotide specific for Campylobacter 16S ribosomal RNA genes. Seventeen distinct hybridization patterns, each indicating the presence of 2 -4 copies of the 16S rRNA gene are encoded in Campylobacter DNA. Differences in fragment patterns were observed not only between members of two species, but also between individual strains of the same species. Ribopattern fragments of 8.71, 7.56, 2.81 and 1.0 kb were characteristic of the majority of C. jejuni, whereas 7.59 and 4.68 kb fragments were commonly present in C. coli.
Introduction
Campylobacter jejuni and to a lesser extent C. coli are major cause of acute diarrhoeal disease in man throughout the world (Healing et al., 1992) . The majority of infections are sporadic, but large outbreaks often occur from milk and environmen tal sources such as water. For over 15 years, many phenotypic methods have been described for iden tifying strains of C. jejuni and C. coli in epidemio logical investigations. However, biotyping and serotyping are the most widely used (Patton and Wachsmuth, 1992) . Such schemes when used even in conjunction have several disadvantages which include, lack of reproduciblity, low typability, the requirement of a battery of antisera, which might not be available and poor resolution. In contrast, DNA fingerprints measure relatively stable chro mosomal differences and provide consistent and reproducible results between individual Campylo bacter strains as well as between C. jejuni and C. coli (Patton and Wachmuth, 1992) .
In this study, rRNA gene restriction patterns (ribopatterns) of different Penner serovars of Reprint requests to Dr. S. I. Smith.
C. jejuni and C. coli were investigated to deter mine which typing method was most discrimi natory.
Materials and Methods

Bacterial strains and growth conditions
Forty-seven strains of Campylobacter, made up of 38 strains of C. jejuni and 9 strains of C. coli were analysed by the Penner serotyping scheme (Penner and Hennessy, 1980) and ribotype. The human strains were made up of twenty strains, while the chicken strains were twenty-seven. All bacteria were cultivated at 42 °C for 48 h on 7% (v/v) defibrinated sheep blood agar under microaerophilic conditions in a candle jar (Blaser et al., 1980) .
DNA isolation, restriction digestion, southern blotting and RNA gene hybridization
Chromosomal DNA was isolated and purified using the SDS lysis method of Marmur (1961) . All DNA samples (5 fig) were digested for 3 h at 37 °C with 5 units of Hae III (Appligene, France) ac cording to the manufacturer's instruction . The reaction was stopped at 65 °C for 10 min. The di-0939-5075/98/0100-0065 $ 06.00 © 1998 Verlag der Zeitschrift für Naturforschung. All rights reserved. D gested DNA was electrophoresed at 150 volts/cm for 3 hours in 0.8% horizontal agarose gels, with ice-cold T B E running buffer. Gels were photo graphed after staining in 0.5 mg / ml ethidium bro mide for 30 min. After electrophoresis the DNA fragments were denatured in the gel using a vac uum-assisted device (Vacugene 2516 blotting unit, Pharmacia-LKB Biotechnology, Uppsala, Swe den) and then transferred to membranes by the method of Southern (1975) modified by the use of nylon membranes (Hybond-N, Amersham In ternational, U. K.) by vacuum transfer blotting. The membranes were rinsed briefly in 2 x S S C (1 x SS C is 0.15 m NaCl plus 0.015 m trisodium cit rate), air-dried and the baseline was marked with X DNA and the DNA was fixed by ultraviolet (312 nm, 4 min) irradiation.
Hybridization
Nylon membranes with immobilized DNA re striction fragments were pretreated with En hanced Chemiluminiscence (EC L, Amersham In ternational, U. K) hybridization buffer at 38 °C for 1 h. A fter which the rRNA probe was labelled and hybridized according to manufacturer's instruction (EC L, Amersham International, U. K.). After two washes at 38 °C and two stringent washes at room temperature, the filters were subjected to auto radiography.
Results
Serogroup and their distribution by host
A total of 17 distinct ribopatterns were iden tified from 47 Campylobacter strains. Seven strains (15% ) belonged to ribotype 03 and 07 ( Fig 1A, B ) , while five strains (11% ) belonged to ribotype 14 and 16 (Table I) . Ribotype 07 was unique for the C. jejuni chicken strains and were unique to Pen ner 53 (Fig 1A, B ) , while ribotype 05 and 14 were unique to the human C. coli strains. Ribotypes 03, 04 and 09 were common to both the chicken and human strains. The three Penner 4 serotypes were subtyped into three ribopatterns, 0 1 , 0 2 and 1 2 ( Table I ). The nine Penner 53's were subtyped into 4 ribopatterns. All Penner 24 and Penner 27 strains had the same ribopattern, 11 are human strains ( Table I) . The five Penner 4 complex (4, 13, 16, 50), were subtyped into 2 ribopatterns, 02 and 03. 
Ribotype analysis o f non-typable (NT) strains
The 14 NT strains were subtyped into 6 ribopatterns. Five strains represented type 16, 4 types were of ribopattern 05 (Fig 1A, B ) , while 1 each belonged to 04, 06, 09, 11 and 17 (Table I) .
Molecular weight o f the C. jejuni and C. coli strains by ribotype
Generally, the C. jejuni strains ranged from 0.06 to 13.49 kb, while the C. coli strains ranged from 0.5 kb to 7.59 kb in molecular weight (Table II) .
Discussion
A Southern blot analysis using a probe comple mentary to the 3' end of 16S rRNA enabled the discrimination of C. jejuni and C. coli. This ap proach was first carried out by Grimont and Grimont (1986) . In their approach, they used total 16S and 23S rRNA as probes, but they couldn't speciate their Campylobacter isolates. From this study, all the Hae III restriction patterns appeared to be species-specific and therefore allowed for speciation of the Campylobacter strains. The re sults clearly demonstrated that a high degree of ribotype diversity exists between sporadic strains of the same serotype, with four distinct ribotype patterns amongst the serogroup 53 strains and three distinct ribotype patterns amongst three Penner serogroup 4 strains. A previous study by Fayos et al. (1993) , confirmed the above view. In their study, six distinct ribotypes existed amongst the serogroup 01 and 02 of C. jejuni. They then concluded that overall ribopattern similarities broadly reflect the taxonomic affinity of strains within the thermophilic campylobacters. Another report by Fraser et al. (1992) , confirmed diversity amongst C. coli serogroup 20 (Lior). Interestingly, this technique was able to sub-type the Penner 4 complex. Results of this study show that some ribopatterns are common to both the chicken and human hosts. The common ribopatterns are 03, 04 and 09. This supports the view by Segreti et al. (1992) , that poultry are an important source of Campylobacter infection to humans. This tech nique is also able to speciate the campylobacters, this is because the ribopatterns common to C. coli were 05 and 14, while 01 was common to C. jejuni human strains. Fourteen non-typable strains were subtyped into six distinct ribopatterns. This shows that for each strain, there is a definite rRNA fin gerprint and there is always a fragment pattern irrespective of whether the strains are nontypable by the Penner scheme. Of interest is the fact that one nontypble strain by Penner scheme (strain CD 40 , C. jejuni), could have been classified as C. coli or C. lari as a result of its hippurate reaction (negative), but from the banding patterns ob served between the C. jejuni and C. coli strains it was confirmed to be C. jejuni. This is because the C. coli strains band lower than the C. jejuni strains and this strain was found to band in the same re gion as other C. jejuni strains by this ribotype tech nique. This further shows the usefulness of this technique in correctly classifying the strains. The ribotype analysis thus shows that extensive hetero geneity exists in the restriction enzyme sites in the rRNA genes amongst C. jejuni and C. coli. This technique proves to be useful in species identifica tion, particularly for strains that are difficult to an alyze phenotypically or to cultivate in large quanti ties enough for DNA -DNA hybridization. The data also indicates that each species of C. jejuni and C. coli has more than one copy of the 16S rRNA gene. This is apparent from the fact that each pattern has more than one band, hybridizing to the probe (Fig 1A and B ) . In this study, the C. coli strains had mainly two band patterns, while the C. jejuni strains had more than two hybridizing bands. The ribopatterns are therefore generally easier to interprete than the RFLP, as they have only two to four bands. The C. coli strains were recognized by their conserved 4.68 kb hybridizing fragment. Similar reports have been given by other workers (Moureau et al., 1989; Romanuik and Trust, 1987) . Four nontypable strains isolated from three geographical locations in Lagos area had the same ribopattern number,10. This suggests that the C. coli strains in Lagos, Nigeria are of a clonal nature. Restriction endonuclease analysis is therefore very efficient in the classification of campylobacters especially at species and sub-spe cies level. The level of discrimination, however, depends on the choice of the enzyme.
